Abstract: Inclusive direct photon production in p+Pb collisions at the LHC is studied within the NLO perturbative QCD. Our aim is to quantify the dominant x regions probed at different rapidities and to identify the best conditions for testing the nuclear gluon parton distribution functions (nPDFs) at small x. A comparison to the inclusive pion production reveals that from these two processes the photons carry more sensitivity to the small-x partons and that this sensitivity can be further increased by imposing an isolation cut for the photon events. The details of the isolation criteria, however, seem to make only a small difference to the studied x sensitivity and have practically no effect on the expected nuclear modifications. We consider also the yield asymmetry between forward and backward rapidities which can be used to probe the nPDFs irrespectively of whether an accurate p+p baseline is available.
Introduction
Within collinear factorization [1, 2] the inclusive cross section to produce a hard elementary particle k in a collision of hadrons h 1 and h 2 can be calculated as
where the parton distribution functions (PDFs) f i/h1 (x 1 , Q 2 ) (f j/h2 (x 2 , Q 2 )) describe the number density distributions of partons i (j) in a hadron h 1 (h 2 ) at a momentum fraction x 1 (x 2 ) and factorization scale Q. The piece dσ ij→k+X can be calculated as a perturbative expansion in strong and electroweak couplings. The dependence on the renormalization scale µ is indicated. The PDFs are non-perturbative and cannot currently be calculated from the first principles of QCD. Instead, the information on the PDFs comes mainly from experimental hard-process data through global analyses [3] . Here, our focus will be on the nuclear PDFs (nPDFs) and prospects of resolving the differences with respect to the free-nucleon PDFs.
The majority of the data that are used to constrain the nPDFs at the present global fits [4] [5] [6] [7] [8] (see refs. [9, 10] for recent reviews) are from fixed-target deep inelastic scattering (DIS) and low-mass Drell-Yan dilepton measurements and have remained almost the same since the first public parametrization [11] . While these data offer direct constraints for the quarks, the nuclear gluons remain only weakly constrained, mostly indirectly through the DGLAP [12] [13] [14] [15] scale evolution and the momentum sum rule. The most recent available global next-to-leading order (NLO) fits, EPS09 [4] and DSSZ [6] , exploit also the RHIC data for inclusive pion production in d+Au collisions at mid-rapidity to obtain more direct gluon constraints in the region x > 0.01. Both analyses involve also Hessian uncertainty studies [16] resulting with PDF error sets which can be used to quantify how the nPDF uncertainties propagate to physical observables and estimate the impact of new experimental measurements [17] . Although there are significant differences among independent sets of nPDFs, we will consider here only EPS09 which appears consistent with the first p+Pb jet measurements at the LHC [18] and which also has the largest uncertainties of the available parametrizations.
In figure 1 we show the nuclear modifications of the up valence quarks R u V , up sea quarks R us , and gluons R g , at Q 2 = 1.69 GeV 2 and (relevant for our discussion below) Q 2 = 25 GeV 2 for lead nucleus as predicted by EPS09. The nuclear quarks appear rather well constrained wherever they dominate the measured DIS and DY processes, i.e. at x 0.1 for valence quarks and at 0.01 x 0.1 for sea quarks. However, it should be borne in mind that these modifications were assumed to be flavor independent at the parametrization scale Q 2 = 1.69 GeV 2 and involve a rather restricted functional form below x ∼ 10 −2 , which leads to an underestimation of the true uncertainty. Although the nuclear gluons have much less data constraints the DGLAP evolution is observed to quickly shrink the originally extensive error bands at x 0.1. On one hand, this property makes the DGLAP-based predictios rather robust in the sense that there cannot be a strong suppression in observables sensitive to small-x gluons at large Q 2 . On the other hand, to further constrain the small-x nuclear gluons, very precise measurements will be needed, which may be difficult to obtain from other than the clean DIS environment [19] . In the near future, the most promising source for new nPDF constraints are the hard processes in p+Pb collisions at the LHC [20] [21] [22] [23] [24] [25] [26] [27] [28] . With the naive leading order (LO) 2 → 2 kinematics one can estimate the nuclear-side x (that is, x 2 ) from 2) where q T is the transverse momentum of the produced partons and η 1 , η 2 their rapidities. Thus to probe small x 2 one should consider collisions with large center-of-mass energy √ s N N and/or observables at large η. In this work our goal is to quantify in detail the x 2 regions probed by inclusive direct photon production at different rapidities and transverese momenta p T , according to the NLO calculations with LHC kinematics. In addition, we study the effect of an isolation cut and briefly discuss the inclusive hadron production for comparison. The direct photons at forward rapidities as a probe of gluon nPDFs were proposed earlier in ref. [29] . Here we also extend this LO study to NLO level, accounting for the nPDF uncertainties which are nowadays available. Related studies on the direct photon production in nuclear collisions at the LHC have appeared earlier [25] [26] [27] [28] 30] , also in the context of centrality dependence [31] . Some aspects presented here have relevance also for the PDF studies in p+p collisions [32] as well as for the search for the onset of non-linear effects [33, 34] and parton saturation [35] built into the color-glass-condensate (CGC) framework [36] (see refs. [30, [37] [38] [39] ). Further motivation for the present study is provided by a proposal to install a forward calorimeter (FoCal) to the ALICE detector which could measure the isolated photons with an accuracy better than 10 % at the 3 < η < 5 region and p T ≥ 5 GeV/c [40] . To coincide with these ALICE plans, we perform the calculations here at the nominal center-of-mass energy of the LHC p+Pb collisions, √ s N N = 8.8 TeV. The rapidity shift due to the asymmetric collision system is not considered, all our results quoted below are in the nucleon-nucleon center-of-mass system.
Inclusive hadron production
The cross section for inclusive high-p T hadron production is, loosely speaking, obtained as a convolution of the hard parton spectra and the non-perturbative parton-to-hadron fragmentation
where z describes the momentum fraction carried away by the hadron h from the parent parton k. The convolution over z smears the relation between the measured final state hadron momenta p T and the partonic momenta q T . Furthermore, inclusive cross sections like dσ/dp T dη studied here involve integrations over the momentum fractions x 1 and x 2 such that it is not possible to access any specific value of x 2 but always some distribution. This is demonstrated in figure 2 where we plot examples of x 2 -distributions for differential π 0 production cross sections in p+Pb collisions at √ s N N = 8.8 TeV for different values of p T and η. Note that the shown cross sections are differential in log x 2 (i.e. dσ/dlog x 2 = x 2 dσ/dx 2 ) so that the contribution from a specific x 2 interval can be directly read off from the log-scale in x 2 . The NLO calculations are performed using the INCNLO-code [41-45] which we have modified to improve the convergence of the integrals at large √ s N N , large η, and small p T region 1 . The FFs have been taken from the DSS fit [46] , the free nucleon PDFs from CTEQ6.6M [47] and the nuclear modifications are from EPS09 [4] . The renormalization (µ), factorization (Q) and fragmentation (Q F ) scales are fixed to the hadron p T . The uncertainties in the free proton PDFs (which are of the order 10 % for the gluons in the employed PDF set) are not considered here, since they efficiently cancel out in the nuclear cross-section ratios of our interest below.
From figure 2 one easily finds that the simple parton-level relation of eq. (1.2) actually corresponds rather well to the kinematic lower limit of the x 2 distributions, but that this or a naive estimate
e −η with z ≈ 0.5 for the average z [48] [49] [50] , have no especially large contribution upon integrating over x 2 . In fact, the cross sections dσ/dp T dη get important contributions from a broad range of x 2 .
2 The peculiar shape of the η = 0 result is due to the combination of the kinematical smearing in the NLO and the differentiation with respect to log x 2 instead of x 2 . At forward rapidities the distributions evidently shift towards smaller values of x 2 , as expected, but what is more surprising is that going down to very low transverse momentum, p T = 2 GeV/c, the relative sensitivity to smallest x 2 actually decreases when comparing with somewhat larger values of p T . This suggests that in searching for small-x probes, instead of smallest p T one can rather focus on the region p T 5 GeV/c, where also the pQCD framework is more reliable.
To quantify how the nuclear effects in the PDFs are expected to modify the differential cross sections and how the nPDF uncertainties propagate into these observables, we define the minimum bias nuclear modification ratio for p+Pb collisions as 2) and plot it in the case of inclusive π 0 production in figure 3 for pseudorapidities η = 0 and η = 4.5 as a function of p T . At η = 0 we find some suppression at p T 10 GeV/c as the cross section is mostly sensitive to the region x 0.01 which corresponds to shadowing in the EPS09 nPDFs. However, the nuclear effects are rather modest except for the very low p T . Due to the smaller values of x 2 probed at η = 4.5 we notice suppression due to the shadowing in the whole p T range considered.
The nPDF-originating uncertainties at forward rapidities are larger than at η = 0, which follows from the lack of direct constraints for the gluon nPDFs at x 0.01. The strong p T dependence of R pPb at p T < 4 GeV/c is caused by the rapid DGLAP evolution of R g at small Q 2 and x, as was illustrated in figure 1 . 
Direct photon production
To increase the direct small-x 2 sensitivity a process with a more direct access to the partonic kinematics is required. A candidate for such an observable is the prompt photon production which originates from the primary hard partonic scatterings such as the QCD Compton process. However, the experimentally measured direct photons inevitably include also the photons formed through fragmentation of the produced hard partons. Strictly speaking also in the NLO calculations the division of the direct photon production into these two components is not unambiguous but depends on the choices for the scales µ 2 , Q 2 , Q 2 F . Thus, to compute the cross sections for what we here refer to as inclusive direct photon production, we must include contributions from both of the production mechanisms: dσ
where the fragmentation component is calculated similarly to the hadron case in eq. (2.1):
where
is now the parton-to-photon FF. Figures 4 and 5 show the relative contributions from these two components for the cross section dσ γ+X pPb /dp T dη at mid-and forward rapidity in p+Pb collisions at the LHC, with the scales fixed to µ = Q = Q F = p T /2, p T and 2p T . As can be appreciated from these figures (and also noted e.g. in [32, 52, 53] for η = 0), the fragmentation photons clearly dominate at small p T in both cases and all these scale choices. The prompt component gains importance towards higher p T but the point where it becomes dominant depends on the rapidity and scale choices.
To study the x 2 -sensitivity of these two components we plot, in figure 6 , the normalized differential cross sections as a function of x 2 for both contributions separately. We perform the Figure 4 . Relative contributions of the prompt (solid) and fragmentation (dashed) components in inclusive direct photon production cross section dσ γ+X pPb /dpT dη as a function of the photon pT in p+Pb collisions at the LHC at η = 0, with the scales fixed to µ = Q = QF = pT /2 (red), pT (black) and 2pT (green). PDFs with the EPS09 nuclear modifications. All scales have been chosen to coincide with the photon p T . For comparison, also the π 0 result at p T = 5 GeV/c, η = 4.5 from figure 2 is included. Clearly, the relative x 2 sensitivity (the shape) of the fragmentation component is very similar to that in π 0 production, but the presence of the prompt photon component drags the total distribution towards smaller x 2 . The increased small-x 2 sensitivity has, as we demonstrate in figure 7 , only a small impact on the nuclear modification ratio R γ pPb in comparison to the π 0 's: The photon suppression is only slightly stronger, which is due to the rather moderate x dependence in the EPS09 nPDFs at small x which, as noted earlier, tends to be a general consequence of the DGLAP dynamics. Thus, also the EPS09 error bands in the pion and photon cases are very similar. In figure 7 we also show the effect of different scale choices, µ = Q = Q F = 2p T , and p T /2. Although the scale uncertainties can be rather large in the absolute cross sections, in a ratio like R γ pPb these cancel out rather efficiently especially at p T 4 GeV/c.
To check which nuclear partons are the most "active" ones in the inclusive particle production, the relative contributions from nuclear gluon-and quark-originating processes are shown for π 0 's in figure 8 and for direct photons in figure 9 for η = 0 and η = 4.5. Technically, these are obtained by setting the nuclear quark+antiquark PDFs and the gluon PDFs to zero in turn. For π 0 's the nuclear gluons generate about 80 % of the cross sections both at mid-and forward rapidities. This is expected as the gluon PDFs dominate at x 0.01 and as the gluon and quark FFs to pions are of the same magnitude. For photons the picture is different: at mid-rapidity, the nuclear quarks and gluons generate about an equal amount of the cross section but at forward rapidity the gluons again contribute at about an 80 % level. These effects can be understood as follows:
• p T 10 GeV/c: The prompt photons dominate at large p T , and are typically produced via Compton-like scattering q i + g → γ + q i [32] . At η = 0 the x 2 -and x 1 -distributions are almost identical (the nuclear effects in the nPDFs being moderate) which in practice makes it equally likely to pick a quark from either the proton or from the nucleus. At η = 4.5, however, the cross sections become sensitive to smaller values of x 2 and larger x 1 so that it is more likely to pick a gluon from the nucleus and a (valence) quark from the proton. • p T 10 GeV/c: Unlike for hadrons, the parton-to-photon FFs are about a magnitude larger for quarks than for gluons [57] . As the fragmentation component starts to dominate in this p T region, (cf. figures 4 and 5) this enhances the relative importance of the quark-initiated processes thereby partly compensating for the increasing gluon density g(x 2 ) towards low p T . For this reason the contributions from the quark and gluon initiated processes at midrapidity remain very similar also at low p T .
The strong growth of the gluon contribution towards higher p T at p T < 2 GeV/c is common for pions and photons and follows from the rapid scale evolution of the small-x gluon distributions close to the PDF initial scale Q 0 = 1.3 GeV. The conclusion from figure 9 is that to probe the gluon PDFs with direct photons, it is advantageous to look at the forward rapidity and p T 4 GeV/c. 
Isolation cut
Although the fragmentation and prompt components cannot be measured separately in the experiments, introducing an isolation cut for the photons the fragmentation component can be suppressed. The isolation cut discards the direct photon events that have "too much" hadronic activity around the photon and is used in the measurements mainly to reject the background from hadronic decays, se e.g. Refs. [58, 59] . As the fragmentation photons are emitted collinearly to the parent parton, the isolation cut reduces the fragmentation component, making the observable more sensitive to prompt photon production and thus decreasing the probed values of x 2 .
The most commonly used isolation criterion is to reject photon events for which the total amount of hadronic transverse energy ΣE T inside a cone of a fixed radius R, calculated as
is larger than a chosen maximum E max T
. Above, E i T is the transverse energy of the hadron i, η i (η γ ) the pseudorapidity of the hadron (photon), φ i (φ γ ) the azimuthal angle of the hadron (photon) and the sum runs over all hadrons in the event. The maximum value of the allowed ΣE T can be either a fixed number or it can be defined to be proportional to the photon transverse momentum. There are also other isolation criteria proposed, e.g. in ref. [60] , but here we will consider only these two types of isolation cuts. Figure 10 shows the differential cross sections for inclusive photons, isolated photons with ΣE T < 4 GeV and ΣE T < 2 GeV, and ΣE T < 0.1 · p γ T using R = 0.4, as a function of x 2 . The systematics are clear: upon imposing an isolation cut ΣE T < 4 GeV the contribution to the total cross section from larger x 2 values is less in comparison to the inclusive photons as the fragmentation component is suppressed. With a tighter isolation cut, ΣE T < 2 GeV, the fragmentation component is suppressed even further. Defining the upper limit of the allowed hadronic energy to be 10 % of photon p T has a very similar isolation-cut effect as the fixed limit ΣE T < 2 GeV.
Despite the increased small-x 2 sensitivity, the isolation cuts have only a small effect on R γ pPb , as shown in figure 11 (which could have been anticipated already based on figures 6 and 7). At p T < 7 GeV/c only a slightly stronger suppression than in the inclusive direct photon case is observed. At larger p T , the difference is easily of the same order than the numerical fluctuations arising from the limited statistics in MC sampling. To cross-check our results and the reliability of the sampling in the kinematical region studied we show, in figure 11 , also the ratio R γ pPb for the inclusive photons from the INCNLO code: The results nicely coincide with those from JETPHOX. The nPDF-originating uncertainty band for the isolated photons is again computed with the error sets of EPS09 and, as expected, the error band is of the same size as for the inclusive photons in figure 7 .
To study the effect of an isolation cut in different p T regions, the normalized x 2 distribution of the inclusive photon cross section is plotted in figure 12 with three different lower limits of p γ T , 2, 5, 10 GeV/c, and in figure 13 for isolated photons with ΣE T < 2 GeV. Similarly as for π 0 's above, pushing the calculation down to p T ∼ 2 GeV/c actually increases the contribution from the x 2 > 0.01 region which corresponds to the antishadowing region in the EPS09 nPDFs. The isolation cut suppresses the tail at large x 2 which is not a dramatic effect but explains the slightly stronger suppression of R γ pPb at low p T . To check the expected rapidity systematics of the nucelar effects in direct photon production with isolation cuts we plot, in figure 14 , the x 2 distribution of the cross section dσ γ+X pPb /dp T dη at different forward-rapidity bins integrated over 5 < p T < 20 GeV/c. For the discussion presented in the next subsection, also the x 2 distributions at backward rapidities are shown. The isolation cuts have reduced the fragmentation tails at larger x 2 , and made the cross sections somewhat more sensitive to the small-x 2 region. Towards more forward rapidities the probed values of Figure 10 . The x2 distribution for inclusive direct photons (black) and for isolated photons with ΣET < 4 GeV (green), ΣET < 2 GeV (red), and ΣET < 0.1 · pT (blue) using cone radius R = 0.4. Figure 11 . The nuclear modification ratio R γ pPb for inclusive (black) and isolated photons with ΣET < 4 GeV (green) and ΣET < 2 GeV (red) calculated with JETPHOX using EPS09 nPDFs. The uncertainty band is calculated for ΣET < 2 GeV. Also the R γ pPb for the inclusive γ from INCNLO is plotted (blue dashed). Figure 12 . Normalized x2 distribution for inclusive γ production at η = 4.5 for 2 < pT < 20 GeV/c (red), 5 < pT < 20 GeV/c (blue), and 10 < pT < 20 GeV/c (green). Figure 13 . Normalized x2 distribution for isolated γ production with R = 0.4 and ΣET < 2 GeV at 4 < η < 5 for 2 < pT < 20 GeV/c (red), 5 < pT < 20 GeV/c (blue), and 10 < pT < 20 GeV/c (green).
but as the DGLAP evolution quickly washes out all strong effects from small-x gluons the ratio R γ pPb , presented in figure 15 , shows practically no rapidity dependence at forward direction. This suggests that -as far as nuclear effects in PDFs are concerned -there is no practical advantage for considering observables at very forward rapidity (4 < η < 5) but moderate values (2 < η < 3) for which the cross sections are larger should be sufficient. On the other hand, an observation of a clearly stronger R γ pPb rapidity dependence could be a signature of physics beyond the DGLAP framework.
Forward-to-backward ratio
Until now, we have used solely the nuclear modification ratios R γ pPb to quantify the nuclear effects and the calculated EPS09 error bands suggest that to obtain significant further constraints, one should be able to measure R γ pPb with better than a 10% precision. If there is no p+p baseline measurement with the same √ s N N available, this may be very challenging. Also, if the luminosity
[µb] Figure 14 . The absolute x2 distribution for isolated γ production with R = 0.4 and ΣET < 2 GeV at 2 < pT < 20 GeV/c for 2 < η < 3 (green), 3 < η < 4 (blue), and 4 < η < 5 (red) at forward (solid) and corresponding backward (dashed) rapidities. Note that the forward-η distributions have been multiplied by a factor 3 for a better readability.
Isolated, R = 0.4 ΣE T < 2 GeV Figure 15 . The nuclear modification ratio R γ pPb for isolated γ production with R = 0.4 and ΣET < 2 GeV for rapidities 2 < η < 3 (green), 3 < η < 4 (blue), and 4 < η < 5 (red). The blue EPS09 uncertainty band is calculated for 4 < η < 5.
for the collected data sample is not measured, the conversion from the measured yields to cross sections may involve Glauber modeling [61] causing some overall normalization uncertainty whose implementation in a χ 2 analysis is somewhat ambiguous. It would obviously be preferable to consider observables that are free from such uncertainties. An option that has already been recognized useful in p+Pb collisions (see e.g. [62, 63] ) is the to form the yield asymmetry between the forward and backward rapidities,
In addition to being free from the absolute normalization uncertainty some correlated systematic uncertainties can be expected to cancel as well (in a similar fashion as jet energy-scale uncertainties largely cancel in ratios of inclusive jet cross sections between different √ s but fixed rapidity and p T [64] ). As indicated by the dashed lines in figure 14 , the isolated photon production at backward rapidities will be sensitive to the region 0.01 < x 2 < 0.2, which corresponds to antishadowing and EMC effect in EPS09. This kinematic region starts to be sensitive also to the nuclear valence quarks giving rise to an "isospin effect", which follows from the lower charge density of neutrons in comparison to the protons. As the photon cross sections are proportional to the electromagnetic charge, some suppression due to the presence of neutrons in the nucleus is expected. These effects can be easily quantified by calculating the R Indeed, the isospin effect becomes prominent for η < −3. The expected total nuclear modifications are shown with the EPS09 error bands. As there are already other data constraints at large x 2 , the nPDF errors are clearly smaller than the corresponding bands in the forward direction. With different rapidity bins we observe different effects: at −3 < η < −2 and −4 < η < −3 we have first some suppression in comparison to the isospin baseline which eventually turns to an enhancement caused by the antishadowing in EPS09. At −5 < η < −4 the isolated photons are already sensitive to the EMC region at p T > 12 GeV/c. In general the nPDF-originating uncertainties appear smaller than 5 % except at p T < 5 GeV/c in −3 < η < −2 bin, which indicates that the isolated photon production at backward rapidities could be a better baseline option to resolve the small-x effects than the p+p. However, it is not clear to what extent the unknown flavor dependence of the nuclear effects in PDFs affects this situation.
The forward-to-backward yield asymmetries Y asym pPb for the isolated photon production are plotted in figure 17 , again for the three rapidity bins, |η| ∈ [2, 3] , [3, 4] , and [4, 5] with the PDF nuclear modifications and their uncertainties. The results including only the isospin effect are shown for comparison. The uncertainty bands have been computed by forming the observable Y asym pPb with each of the EPS09 error sets first, and computing the error band as instructed in [4] . Then, if the forward and backward regions are sensitive to the same nuclear effect, such as shadowing at small p T in the bin 2 < |η| < 3, there is a partial cancellation of the uncertainties in Y asym pPb -see the small-p T region of the first panel. Mostly, however, the yield asymmetries are sensitive to two very different x 2 regions and the uncertainties add up. As the isolated photon ratios R γ pPb at different forward rapidities ( figure 15 ) are very similar, the significant rapidity dependence of Y asym pPb (for fixed p T ) follows mostly from the nuclear effects at backward rapidities ( figure 16 ). The larger nPDF uncertainties for R γ pPb at forward rapidities than at backward direction suggest that the theoretical uncertainties in Y asym pPb are mostly due to the lack of nPDF constraints at small x 2 , and measurements of Y asym pPb with sufficient accuracy would improve this situation. At least, the predicted total effect is large and thus the yield asymmetry Y asym pPb would in any case serve as a further test of the collinear factorization and e.g. the treatment of isospin effects in nuclear collisions.
Conclusions
We have studied inclusive direct photon production at forward rapidities in p+Pb collisions at the LHC, trying to sort out the x 2 regions that could be probed by measuring them at different kinematic corners. We have shown that, for fixed kinematics in the forward direction, the direct photons are sensitive to smaller values of x 2 than the inclusive hadrons and by imposing an isolation cut for the direct photons one can increase such sensitivity even more. It turns out that the naive LO-based kinematics are a rather poor estimate when it comes to finding the predominantly important x 2 regions and that full NLO calculations are needed in order to understand the true widths and shapes of these distributions. In particular, at forward rapidities the cross sections are affected by a wide range of x 2 values. This is true especially at low p T and -a little bit counterintuitively -we find the observables around p T ∼ 5 GeV/c to be actually more sensitive to small-x 2 partons than the same observables at even lower p T . The expected nuclear modifications R γ pPb are, however, found to be almost completely insensitive to whether an isolation cut is applied or not and practically independent of the rapidity beyond η > 2. The main reason for such behaviour is the DGLAP evolution of the gluon PDFs which rapidly smooths out any strong nuclear effects in gluon PDFs. As an alternative to the canonical R γ pPb , we have considered also the yield asymmetry between the forward and backward rapidities which does not require a measurement of the p+p baseline and could presumably be measured with a better accuracy than R γ pPb . Even though our focus here has been on the gluon nPDFs and all our calculations rely on the collinear factorization and linear DGLAP dynamics, the importance of direct photons as a probe of possible deviations from this standard theoretical framework should not be forgotten. As the non-linearities are foreseen to play a role at sufficiently small x 2 , a systematic search at the LHC forward rapidities would lead to a better understanding concerning the onset of such phenomena. Isolated, R = 0.4 ΣE T < 2 GeV 2 < |η| < 3 Figure 17 . The yield asymmetry Y γ asym for isolated γ production with R = 0.4 and ΣET < 2 GeV for rapidities 2 < |η| < 3 (top), 3 < |η| < 4 (middle), and 4 < |η| < 5 (bottom). The error bands are from EPS09. The isospin effect (dashed) is also shown.
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